The present study 180, day-old broiler chicks (Vencobb) were randomly distributed into 3 treatment groups with three replicates in each group. The chicks were placed in 9 pens with 20 chicks in each pen and reared in deep litter system under uniform management conditions. Control starter (0-3 wk) and finisher (4-6 wk) diets were formulated to meet the entire nutrients. Subsequently two test diets were prepared by incorporating acid treated fish silage at 5 and 10% level. Each diet was offered ad libium to 3 pens of 20 chicks each throughout the experimental period (0-6 wks). Dietary incorporation of acid treated fish silage up to 10% had no influence on body weight gain and feed consumption of broilers. The feed conversion ratio improved significantly by incorporation of fish silage at both 5 and 10%, during starter phase, but no influence was noticed subsequently. Fish silage up to 10% in the diet did not affect the dressed percentage and relative weight of other carcass parameters such as liver, heart, gizzard, breast and abdominal fat. The albumin to globulin ratio increased significantly (P<0.05) due to incorporation of fish silage at 10% in the diet compared to that of control. The serum triglyceride concentration increased significantly (P<0.05) at 10% level of inclusion of fish silage in diet. Lowest cholesterol concentration was found in the dietary group fed the control diet. The serum cholesterol concentration increased significantly (P<0.05) and linearly by increasing the level of fish silage from 5 to 10%. It is concluded that acid treated fish silage can be incorporated upto 10% in the diet without any adverse effect on performance of broiler chickens.
INTRODUCTION
The primary objective of poultry production is to reduce the feed cost as it accounts for 65-70% of total cost of broiler chicken production. Escalating cost of feed ingredients and chronic shortage of protein and energy rich animal feeds due to enhanced needs of ever increasing human population are the major threats to reorient poultry industry into an economic enterprise in India. Constant efforts are, therefore, being made to search the newer and alternate feed resources and their evaluation for optimum inclusion in the poultry ration. Since protein sources are costlier, measures are often adopted to partially or completely replace the dietary protein with non-edible and non-competitive protein rich byproducts in order to reduce the cost of production. One such byproduct is the byproduct of fish industry which could be a valuable protein source in poultry feed if processed properly into edible form (Zynudheen et al., 2008) .
Commercial fish processing from traditional catches and fish farming for human food yield around 40% of edible meat, while, the remaining 60% is fishery byproducts which includes bone, skin, head, viscera, meat scrap and scale (Gildberg, 1993) . 2 Usually, these by-products are discarded as waste that causes serious environmental problems and economic losses (Kjos et al., 2000 and Barroga et al.,2001) .It is estimated that fish waste production is between 17.9 and 39.5 million tonnes per year, representing an important loss of valuable nutrients. Fish waste can be transformed into fish-meal. However, its production process is considered to be expensive. The high prices of fish-meal and its periodic scarcity have encouraged researchers to look for alternative protein feedstuffs (Fagbenro and Jauncey, 1998) .Fish by-products could be a valuable protein source in animal feed if converted into fish silage (Zynudheen et al., 2008) .The amino acid profile of fish silage is favourable for monogastric animals, although the contents of lysine, methionine and especially tryptophan are lower than in highquality fish meal (Machin et al., 1990; Skredeand Kjos, 1996) .
Fish silage is a liquid product made from whole fish or parts of fish that are liquefied by the action of natural enzymes in the fish, in the presence of an added organic acid. The silages made using formic acid are not excessively acidic and therefore do not require neutralization before being used (Oetterer, 2002) .Since organic acids are costly, a combination of organic and inorganic acid can be used in the preparation of silage. Acid silages if prepared with only inorganic acids will have a very low pH (around 2) which requires neutralization before it can be used in feed (VizcarraMagana et al., 1999) . Fish visceral waste are an excellent source of proteolytic enzymes and marine peptones for supporting bacteriocin production (Vazquezat al., 2004) . The low pH created by the addition of the acid help in the activation of these enzymes favouring the liquefaction of the waste. Potassium sorbate and butyl hydroxyl toluene are also added to prevent mould, yeast growth and oxidation development, respectively. The present study was conducted to evaluate the effect of dietary incorporation of acid treated fish silage on growth performance, serum biochemical parameters and carcass characteristics of broiler chicken.
MATERIALS AND METHODS Stock and husbandry:
One hundred and eighty, day-old broiler chicks (Vencobb) were randomly distributed into 3 treatment groups with three replicates in each group. The chicks were placed in 9 pens, each having a floor area of 40 sqft (8' x 5') with 20 chicks in each pen in deep litter system using rice husk as bedding materials. The brooder temperature was maintained at 34 + 1 o C up to 7 days of age and gradually reduced to 26 + 1 o C by 21 days of age after which chicks were maintained at room temperature (25-27 o C). Light was provided continuously throughout the experimental period. Birds were protected against Newcastle disease, Infectious Bursal disease and Fowl Pox as routine vaccination schedule. All the chicks were kept under uniform managerial conditions throughout the experimental period. The experiment was conducted following the guidelines of the Institute Animal Ethics Committee.
Experimental diets :
Control starter (0-3 wk) and finisher (4-6 wk) diet was formulated to meet all the nutrient requirements (Vencobb 400, Venkateswar Hatcheries Private Limited, India). Subsequently two test diets were prepared by incorporating acid treated fish silage at 5 and 10% level. All the diets formulated were isonitrogenous and isocaloric. Each diet was offered ad libitum to 3 pens of 20 chicks each throughout the experimental period. The composition of starter and finisher diet is presented in Table 2 and 3, respectively.
Preparation of fish silage : Fish waste (intestine and gills) of fresh water fishes were collected from a local fish market in Bhubaneswar, Odisha, India. The waste was washed with clean water, chopped and grounded into paste (using meat grinder) for silage preparation following the method of Tanuja et al. (2014) .Formic acid and hydrochloric acid each @ 1.5% was added for acidifying the paste. Then, butylated hydroxytoluene (200 ppm) and potassium sorbate (0.1%) was added to prevent auto oxidation & mould growth, respectively. The materials were subsequently ensiled in air tight plastic containers at room temperature (28) (29) (30) o C) for 48 hours. The silage was stirred twice daily to ensure the uniform distribution of acid. The pH of fish silage was measured after completion of ensilation. The proximate composition of acid added fish silage is presented in Table 1 .
Traits measured : Individual body weight of chicks and group feed intake were recorded at weekly intervals. Feed conversion ratio was calculated as the ratio between feed consumed and weight gained. Mortality was recorded on daily basis. On the 42 nd day, 3 ml of blood was collected from 12 birds (four bird from each pen) of each dietary treatment and serum biochemical parameters such as protein, albumin, triglycerides, total cholesterol, sodium, potassium and calcium were estimated using diagnostic kits (Span Diagnostics, India). On the 43 rd day, 12birds representing mean body weight from each dietary group (four birds from each pen) were sacrificed by cervical dislocation and dressed weight, giblet, abdominal fat and breast meat yield was recorded and expressed as % pre-slaughter live weight. Statistical analysis : Data were subjected to statistical analysis under completely randomized design employing one-way analysis of variance (Snedecor and Cochran, 1989) . The means of different treatments were compared with Duncan's multiple range tests (Duncan, 1955) . Significance was considered at P <0.05 levels.
RESULTS AND DISCUSSION
The day old body weight of broiler chicks in different treatments ranged between 48.07 to 48.51 g and did not vary significantly indicating uniform distribution of chicks at the beginning of experiment. Dietary incorporation of fish silage at either 5 or 10 % level had no influence on body weight gain and feed consumption of broilers during 0-3, 4-6 or 0-6 weeks of age (Table 4 ). The feed conversion ratio (FCR) was significantly (P<0.05) poor in the dietary group containing 5% FS during initial 3 weeks of age. However, no difference in FCR could be noticed between control and 10% FCR group. Dietary inclusion of fish silage had no influence on FCR during finisher period or during 0-6 weeks of age. The mortality during the entire period of study was within the limit (3.33%) and dietary inclusion of fish silage had no influence on influence on mortality of the birds.
The findings of the present study suggested that dietary incorporation of acid treated fish silage upto 10% in the diet of broiler chickens had no adverse effect on body weight gain in broiler chickens. Similar to the finding of the present study, no influence in body weight on inclusion of either acid silage meal or fermented fish silage meal up to a level of 10% in the diet of broilers was reported earlier (Johnson et al., 1985) .In another study, Nwokola and Sim (1990) also did not find any difference on body weight gain of broilers (0-28 days) due to dietary incorporation of fermented fish scraps, fermented herring, or herring meal at levels of 5% or 10%. Another observation of the present study was that a non-significant reduction in feed consumption during all the periods when fish silage level in the diet was increased from 5 to 10%. However, the reduced feed consumption did not affect the body weight gain of broilers. In contrast to the finding of the present study many workers did not observe any adverse effect on feed consumption by incorporating fish silage up to 20% in the diet Darsan et al., 2009; Al-Marzooqi et al., 2010) . One of the major findings of the study was improvement in feed conversion ratio of broilers fed diets incorporated with fish silage during starter period (0-21 days). It was reported that improved feed efficiency due to inclusion of fish silage in the diets of broiler chicks as fish silage provided a source of highly available amino acid (McNaughton et al., 1978) . Few authors reported higher digestibility and availability amino acids in good quality fish silage compared to fish meal and soybean meal making ita good protein source for broiler chicks (Skredeand Kjos, 1996; Espeet al., 1992) .
The dressing percentage varied from 73.96 to 74.09 % among the dietary treatments. Dietary incorporation of fish silage up to 10% in the diet did not affect the dressed weight (Table 5) . Similarly, the relative weight of other carcass parameters such as liver, heart, gizzard, breast and abdominal fat contents were not influenced by the dietary incorporation of fish silage in the present study. The present findings is in agreement with observation of earlier workers who found non-significant effect of supplementing fish viscera silage in the ration on carcass yield of broiler chickens (Javeed and Mahendrakar, 1996) .
The serum biochemical profile of broiler chicken fed diet incorporated with fish silage is presented in Table  6 . The total protein, albumin and globulin concentration in the serum was not influenced by dietary incorporation of fish silage in the diet. However, the albumin to globulin ratio increased significantly (P<0.05) due to incorporation of fish silage at 10% in the diet compared to that of control. The concentrations of Ca and K in the serum was not affected but affected but Na concentration decreased significantly P<0.05) in the serum due to dietary incorporation of fish silage (both 5 and 10%). The serum triglyceride concentration was not influenced due to dietary incorporation of fish silage at 5% level, but serum triglyceride concentration increased significantly (P<0.05) by addition of 10% fish silage in the diet. Lowest cholesterol concentration was found in the dietary group fed the control diet. The serum cholesterol concentration increased significantly (P<0.05) and linearly by increasing the level of fish silage from 5 to 10%.
Concomitant to the findings of the present study, few researchers reported no significant difference in serum total protein, albumin and globulin concentration in commercial broilers fed acid treated fish waste silage (Darsana and Sreekumar, 2012; Emadi et al., 2007) .The significantly higher A/G ratio in 10% FS diet might be due to higher albumin concentration and lower globulin concentration in the serum of broilers fed diet supplemented with 10% fish silage. The non-significant difference in the serum calcium and potassium concentration found in the present study due to incorporation of fish silage was in agreement with earlier findings (Darsana and Sreekumar, 2012) . The significantly higher sodium concentration in control group compared to 5% and 10% fish silage diet might be due to low mineral content of fish silage. The serum triglycerides and cholesterol concentration increased linearly by dietary addition of fish silage. Cholesterol levels in serum are influenced by different nutritional components in food (Linder,1985) .Cholesterol metabolism is catalyzed by enzymes Hydroxy Methyl Glutaryl Co-A in the body which controls rate of cholesterol synthesis. HMG Co-A disconnect the Co-A which is then reduced to form as early monovalent acid formation in cholesterol. Enzyme HMG Co-A is directly inhibited by dietary cholesterol intake. When cholesterol diet consumed is less then more cholesterol is synthesized by the liver that causes a reduction of total cholesterol (Hermier, 1997) . The reduction in serum cholesterol in control diet compared to 5% and 10% fish silage diet (although normal) might be due to low dietary intake of cholesterol.
